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(54) METHOD FOR PREPARING SUB-STOICHIOMETRIC OR STOICHIOMETRIC NITRIC ACID SALT SOLUTION 
(57)Abstract: 

PURPOSE: To provide a method for preparing a sub-stoichiometric or a stoichiometric nitric acid salt solution of a 
nuclear fuel, etc., used for a starting material in preparing fine small spherical ceramic particles of ceramic fuel 
particles, etc., for a nuclear reactor. 

CONSTITUTION: This method for preparing a sub-stoichiometric or a stoichiometric nitric acid salt solution 
comprises taking a solution or a solid of the stoichiometric metal nitric acid salt in which the concentration ratio of 
.. nitric acid/the metal (hereinafter, called a nitric acid concentration ratio) is equal to the metal or its complex 
cationic valence number (hereinafter, called a metal-containing cationic valence number) as a starting material and 
in order to obtain the solutions of sub-stoichiometric nitric acid salt or stoichiometric nitric acid salt, where the 
nitric acid concentration ratio is smaller than the metal-containing cationic valence number, while heating the 
solution or the solid of the starting material in a air stream containing water vapor, capturing the discharged nitric 
acid in the alkaline solution of a knot amount, and stopping the reaction at the time of getting the objective 
discharged amount. In this way, the sub-stoichiometric or stoichiometric nitric acid salt solution having the 
objective nitric acid concentration ratios are prepared. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A nitric acid / metal ratio of concentration (it is hereafter described as the nitric-acid ratio of 
concentration) A metal or its compound cation valence The solution or solid-state with which the isolation nitric 
acid joined the solution of a stoichiometric metal nitrate equal to (calling it a metal content cation valence 
hereafter), a solid-state, or it is used as starting material. In order that the nitric-acid ratio of concentration may 
obtain the solution of a ************ nitrate smaller than a metal content cation valence or a stoichiometric 
nitrate How to prepare ************ or the stoichiometric nitrate solution of the nitric-acid ratio of concentration 
made into the purpose by stopping a reaction when uptake of the nitric acid emitted heating the solution or solid- 
state of starting material in the air current containing a steam is carried out into the ant potash solution of a known 
amount and a target burst size is reached. 

[Claim 2] ************ 0 r the stoichiometric nitrate solution preparation approach of claim 1 that whenever 
[ stoving temperature ] is 1 90 degrees C or less. 

[Claim 3] ************ or the stoichiometric nitrate solution preparation approach of claim 1 by adding water, 
where the heated matter after a reaction termination is maintained at 80-99 degrees C, and dissolving all solid- 
states. 

[Claim 4] ************ or the stoichiometric nitrate solution preparation approach of claim 1 that the nitric-acid 
ratio of concentration is 75 - 100% of range of a metal content cation valence. 

[Claim 5] ************ or the stoichiometric nitrate solution preparation approach of claim 1 which is one selected 
sort or the selected nuclear fuel material beyond it to which this metal changes from the group of uranium, thorium, 
and a transuranic element. 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the preparation approach of ************, such as a nuclear fuel 
material used as starting material in the case of preparing minute spherical ceramic particles, such as a ceramic fuel 
particle for reactors, or a stoichiometric nitrate solution. 
[0002] 

[Description of the Prior Art] In the production process of the fuel gel particle by the sol gel process used in the 
field of the ceramic fuel particle for reactors, when preparing the ************ nitrate solution containing fuel 
metals, such as uranium which is a starting material solution, the approach of dissolving metallic-oxide powder in a 
nitric acid or a stoichiometric metal nitrate solution, or adding an organic substance reducing agent to a 
stoichiometric nitrate solution, and disassembling and removing a nitric acid is taken. 
[0003] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the approach of preparing the 
target starting material solution, without passing through the handling process of the fuel oxide impalpable powder 
which is the radioactive substance which brings about indispensable increase of a worker exposure with the 
conventional technique, or the process accompanied by risk of adding an organic substance reducing agent in the 
nitrate solution which is an oxidizer. 
[0004] 

[Means for Solving the Problem and its Function] The means adopted for the technical-problem solution solve it the 
purpose as a result of wholeheartedly research of an invention-in-this-application person is as follows. 
[0005] The 1 st is having raised denitrification acid effectiveness, and also the principal component of emission gas 
being made to the form of a nitric acid rather than nitrogen oxides, and having enabled it to control the terminal 
point of the denitrification acid reaction of the purpose automatically correctly as follows with heating in the 
ambient atmosphere containing a steam. That is, it leads into the water 3 which heated support gas 1 at the heater 
2 using equipment as shows an example to d rawing 1 , and a steam is included, and it lets the incubation furnace 4 
pass, and leads in the nitrate container 6 heated at the heater 5. The nitric acid which this emitted is led into the 
alkali solution 9 for nitric-acid uptake through the condensator 7 which is not pouring cooling water, and the 
condensator 8 which is pouring cooling water continuously with support gas. Let the original amount of alkali in this 
solution be the nitric acid and the equivalent which should be made to emit. In order to stop emission system 
outside of a generating nitric acid, the solenoid operated directional control valve 13 for pouring cooling water 12 
also to a condensator 7 is operated at the same time it stops heating at the terminal point [ solution / an emission 
nitric acid and / alkali ] of neutralization according to a heater 5 by the signal of rapid pH change, acting as the 
continuation monitor of the pH of this alkali solution with the recording controller 11 connected with the pH meter 
10. 

[0006] If the heated object of the shape of fused salt in the container 6 after reaction termination is cooled and 
solidified to a room temperature, since container breakage will arise by the cubical expansion by moisture absorption 
of the solid-state, the 2nd is cooling, after opening a hand valve 14 in the condition of having maintained to the 
elevated temperature 100 degrees C or less which is the boiling point of water, adding Nakamizu of a sump 15 and 
changing a solid-state into a water solution, in order to prevent it. 
[0007] 

[Example] This invention is concretely explained about an example. However, this invention is not limited by the 

example. 

[0008] 

[Example 1] Aging of the N03-/U mole ratio in a sample was investigated by the approach of investigating the 
amount of emission nitric acids while sometimes exchanging supply and the sodium-carbonate solution for emission 
nitric-acid uptake for a sample for the mixed gas (steam + argon) which carried out the bubble of the argon the rate 
for 50m 1 /into the 95-degree C water of a steam generator, using an oil bath as a heating heater of the sample 
(uranyl-nitrate solution) of the equipment of drawing 1 . The sample before a reaction is 1 60m of isolation nitric- 
acid content uranyl-nitrate solutions whose N03-/U mole ratio U concentration is 2.10 in 1/1 2.00 moes. 
[0009] Sample temperature became about 110 degrees C in about 80 minutes after heating initiation of an oil bath 
with a laying temperature of 1 60 degrees C, emission of a nitric acid started, and the N03-/U mole ratio amounted 
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the range with error by 1.83) . Sample temperature was after 290 minute 147 degrees C. Sample temperature in the 
meantime and the N03-/U mole ratio of the sample calculated from the uptake nitric acid are shown in drawing 2 to 
the time amount after heating initiation. (The result at the time of supplying only argon gas is also compared and 
shown in d rawing 2 .) 
[0010] 

[Example 2] By the same technique as an example 1, only oil bath laying temperature was changed into 195 degrees 
C, and aging of a N03-/U mole ratio was investigated. After [ of an after / heating initiation ] 206 minutes, the 
N03-/U mole ratio amounted to 1.63. (The calculated value from an uptake nitric acid was in agreement in the 
range with error by 1.65) . Sample temperature was after 130 minute 180 degrees C. Sample temperature in the 
meantime and the N03-/U mole ratio of the sample calculated from the uptake nitric acid are shown in drawing 3 to 
the time amount after heating initiation. (The result at the time of supplying only argon gas is also compared and 
shown in drawin g 3 .) 
[0011] 

[Example 3] Using the equipment shown in drawing 1 , the same front [ heating ] sample as an example 2 and 
heating conditions were applied, and it experimented in the desired value of a N03-/U mole ratio as 1.55. When an 
emission nitric acid until the final value of the N03-/U mole ratio of a sample amounts to 1.55, and the sodium 
carbonate of the equivalent were specifically included in the alkali solution for emission nitric-acid uptake and pH of 
the solution amounted to 4, it set up so that the signal of the solenoid-operated-directional-control-valve 13 
actuation which supplies cooling water to the power off and the condensator 7 of the sample heating heater 5 might 
be taken out. 

[0012] Sample temperature was after 160 minute 184 degrees C. pH became below the set point after 252 minutes, 
and said signal was emitted. When sample temperature became 80 degrees C after heating termination, the hand 
valve 14 was opened and predetermined water was supplied in the specimen container from the sump 15. In order to 
dissolve all internal solid-states, finally it heated at 95 degrees C. The N03-/U mole ratio of this sample solution 
was 1.57 which is in agreement in the range of desired value and an error. 
[0013] 

[Effect of the Invention] The process which deals with the radioactive impalpable powder which causes increase of 
worker exposure extent, or the high reduction reaction process of danger was required of the Prior art. However, 
these processes were made unnecessary as a result of this invention, and also denitrification acidity realized the 
preparation approach of possible ************ of automation, or a stoichiometric nitrate solution controllable as 
the target. Moreover, the approach of progressing at effectiveness higher than what is depended on a pyrolysis so 
that it may be shown as compared with drawing 2 and 3 was realized by performing a denitrification acid reaction in 
a steam. N 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawi ngjj It is drawing having shown an example of the equipment for enforcing the approach of this invention. 
[Drawin g 2] It is the graph which showed the sample temperature in the case of the example 1 using 160-degree-C 
oil bath as a sample heating heater, and aging of the N03-/U mole ratio in a sample as compared with the case 
where only argon gas is supplied. 

[ Drawing 3 ] It is the graph which showed the sample temperature in the case of the example 2 using 195-degree-C 

oil bath as a sample heating heater, and aging of the N03-/U mole ratio in a sample as compared with the case 

where only argon gas is supplied. 

[Description of Notations] 

1: Support gas 2: Heater 3: Steam generator 

4: Incubation furnace 5: Heater 6: Nitrate container 

7: Condensator 8: Condensator 9: Alkali solution 

10: PH meter 11: Recording controller 12: Cooling water 

13: Solenoid operated directional control valve 14: Hand valve 15: Sump 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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DRAWINGS 



[Drawing 1] 
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[Draw ing 3] 
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